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Landscape fragmentation, biodiversity loss and the
societal response 
The longterm consequences of our use of natural resources may be surprising and unpleasant

Ilkka Hanski

Declining biodiversity is a major envi-
ronmental problem everywhere on
Earth, including developed regions

such as Western Europe and the USA.
European leaders have recognized this and
set the target of halting biodiversity loss by
2010, under the EU Strategy for Sustainable
Development that was adopted by the
European Council in 2001. World leaders
agreed upon a substantially less ambitious
goal at the 2002 World Summit on
Sustainable Development in Johannesburg,
South Africa: to significantly reduce the cur-
rent rate of biodiversity loss by 2010. The
practical challenge for both goals is to mea-
sure the rate of change in biodiversity, to
determine whether the decline is slowing or
has stopped. This relates to the task of defin-
ing, in operational terms, what biodiversity
is. The causes of biodiversity decline must be
understood in order to devise effective coun-
termeasures. None of this can take place
without the participation of society at large,
who have to be convinced about the impor-
tance of biodiversity if there is to be any real
hope of implementing meaningful measures.

So what is biodiversity? The cynical
answer is: everything that is good in nature.
This captures the point that biodiversity is
not a simple concept, has never been since
its conception (Wilson & Peter, 1988), and
never will be. The official definition is: “The
variability among living organisms from all
sources, including, inter alia, terrestrial,
marine and other aquatic ecosystems and
the ecological complexes of which they are
part; this includes diversity within species,
between species and of ecosystems”
(Convention on Biological Diversity, 1992).
My personal interpretation is that there is no
biodiversity loss in a particular landscape
when there is no obvious decline in the
abundances of large numbers of species liv-
ing in that landscape. This is based on the
observation that a range of species with
diverse ecological requirements accurately
reflects the state of the environment. It
acknowledges that population sizes fluctu-
ate for natural reasons, but in the absence of
great environmental changes, entire com-
munities of species would not be expected
to exhibit a trend towards lower

abundances, ultimately leading to regional,
national and global extinctions. This notion
of biodiversity loss simplifies the issue by
focusing on population sizes, but as every
biologist knows, viable populations cannot
be maintained without a sufficient habitat—
and their habitat is not sufficient if habitat
loss and fragmentation are the primary
cause of biodiversity decline. On the other
hand, an abundance of species in a certain
landscape or habitat does not necessarily
indicate that there is no threat to biodiversi-
ty; many of these species may already be
threatened if their environment is insuffi-
cient to maintain their numbers and
diversity in the long term.

Loss of biodiversity is real. Although there
is no universal indicator that accurately
reflects changes in biodiversity in differ-

ent ecosystems at different spatial scales, the
indicators that do exist deliver a clear mes-
sage. One is the Living Planet Index (WWF,
2004), which is based on the population
sizes of hundreds of vertebrate species in
terrestrial, freshwater and marine ecosystems

Fig 1 | Changes in the three components of the Living Planet Index in 1970–2000: the terrestrial species, freshwater species, and marine species indices (WWF, 2004).
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around the world. In the 30-year period from
1970 to 2000, the LPI dropped by 37% 
(Fig 1). This decline has been particularly
severe among freshwater species. 

Declining biodiversity is also documented
in national and global ‘red lists’ of threatened
species. Loss of biodiversity is obvious in the
densely populated parts of Europe, but it can
also be a major problem in regions where
human population density is low if natural
resources are used so extensively as to affect
large parts of the landscape. In Finland,
which has well-known flora and fauna and
exceptionally intensive forestry, nearly 20%
of all species are extinct, threatened or near-
threatened (Rassi et al, 2001). On the other
side of Europe in Portugal, the corresponding
figure is 33% for vertebrates, butterflies and
bryophytes (EASAC, 2004). There are no suffi-
cient data to assess the threat level for other
species in Portugal, which reflects the embar-
rassing situation—not specific to Portugal—
that we lack the knowledge of even very
basic facts about our environment.  

At the global level, the best-known groups
of animals are mammals and birds, of which
24 and 12% are extinct, threatened, or near-

threatened, respectively (IUCN, 2004). Much
less is known about other groups of species,
but they may be even more endangered.
Among the species of reptiles, amphibians,
fish and plants for which sufficient data are
available to allow an assessment of threat—
which amounts to less than 10% of all
species in these taxa—40 to 70% have been
classified as extinct, threatened or near-
threatened (IUCN, 2004). The current rate of
species extinctions on Earth is 100 to 1,000
times greater than the natural rate and is
accelerating (May et al, 1995). The natural
rate of extinctions can be calculated for
mammals from comprehensive fossil data. 

The above figures suggest that biodiver-
sity is being lost at local and global
levels, and that the magnitude of

threat is similar across different groups of
species. The similarity across spatial scales

and different kinds of organisms also sug-
gests similar causes. Indeed, there is one
cause of declining biodiversity that operates
locally, nationally and globally and which
affects all groups of animals and plants: the
loss and fragmentation of natural habitats,
which is caused by agriculture, forestry,
urbanization, construction of infrastructure
and tourism (Delbaere, 1998). 

Much attention has been given to forests,
which have provided and continue to pro-
vide humanity with a wide range of prod-
ucts and services, but which have often
been used wastefully. For instance, by 1950
only about 30% of the Mediterranean forest
biome remained, and since then an addi-
tional 2.5% has been lost (Mace, 2005).
Even higher rates of loss occur in the tropi-
cal biomes, where the current annual rate of
forest loss is 0.6 to 0.8% (FAO, 2001). In the
boreal forests in northern Europe, forest
cover is high and not declining, but inten-
sive forestry has turned natural forests into
managed production areas with even-aged
stands of single tree species. Such forests
lose most of the ecologically specialized
species of animals and plants (Hanski,

The current rate of species
extinctions on Earth is 100 to
1,000 times greater than the
natural rate and is accelerating
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2000). The same is true of plantations—
which have increased forest cover in some
parts of Europe in recent decades—
although plantations may still be ecological-
ly preferable to deforested land. In addition
to natural forests, the disappearance of wet-
lands has been dramatic over the last
century, ranging from 60% in Denmark and
Finland to 90% in Bulgaria (EEA, 2003).
Another important landscape change is the
replacement of low-intensity farming sys-
tems—which support a high level of bio-
diversity (Bignal & McCracken, 1996)—
with industrial agroecosystems. In Finland,
the loss of habitats that are associated with
traditional low-intensity agriculture is the
second most important threat to species
after forestry (Rassi et al, 2001).

Other causes of biodiversity loss
include climate change, the impact of
invasive species, harvesting and persecu-
tion. Climate change has already caused
significant changes in the geographical dis-
tribution of species (Parmesan et al, 1999)
and in their seasonal occurrence
(Parmesan & Yohe, 2003; Root et al, 2003).
The predicted rise in average global tem-
perature by 2050 will cause such great
changes in global habitats and ecosystems
that an estimated 15 to 37% of species will
become endangered (Thomas et al, 2004).

No similar analysis has been carried out for
Europe alone, but a comparable level of
threat can be expected, particularly for
species that live in distinct habitats on
mountains and at extreme latitudes from
where they cannot move away. Climate
change will have particularly harmful
effects in regions where natural habitats
are highly fragmented, which hinders the
movement of species over geographical
ranges (Warren et al, 2001). 

The above predictions and the studies
from which they originate should be
convincing enough, yet—like with

many other environmental issues, includ-
ing climate change—the societal response
has been underwhelming. Everybody pre-
sumably agrees that the dependence of
humans on biodiversity is absolute—there
is no possibility of our survival on Earth
without a substantial fraction of today’s bio-
diversity. Taking into account future genera-
tions, the safest option is to maintain bio-
diversity at the current level, or even to
restore it to some previous level if the pre-
sent state is considered insufficient. Any
rate of continuous decline will translate
into a severely reduced amount of biodiver-
sity in the future. We do not have the
knowledge to predict what level of reduc-
tion is tolerable in the long run, and we do
not know how difficult it will be to stop fur-
ther decline if the current situation contin-
ues. But not everyone is convinced by these
arguments; many people apparently
believe that there is substantial redundancy

in the current level of biodiversity. Why is it
so difficult to convince society of the need
to halt biodiversity loss?

One reason is related to the time lag
with which populations react to changes in
their environment. At large spatial scales,
the time lag may be long—decades or even
centuries—and the full impact of environ-
mental changes will not become apparent
until some time in the future. Given that
much of the landscape transformation has
occurred relatively recently—in the past 50
to 100 years—there is a substantial ‘extinc-
tion debt’, that is, large numbers of species
that will not survive in the current land-
scapes, but have not yet had time to
become extinct. Theoretical studies indi-
cate that time to extinction is especially
long in the case of threatened species that
are close to their extinction threshold fol-
lowing environmental change (Hanski &
Ovaskainen, 2002). 

These time lags in species’ responses to
habitat loss and fragmentation will easily
lead us to underestimate the current threat
to biodiversity. But there are other reasons
why peoples’ perception of habitats may be
severely biased: advances in information
technology and media, transport technolo-
gy, and changing perception of what consti-
tutes natural habitats, which is moulded by
lack of personal experience (Hanski, 2005).

With respect to information tech-
nology and media, people in
developed countries know much

more now about habitats and ecosystems
across the world than did their ancestors.
Improved public knowledge should be ben-
eficial, and more so if the knowledge covers
the entire globe. But when television beams
spectacular films of natural history and
wonderful places from all over the world,
one evening after another, there is the dan-
ger that anything else may appear second-
rate and mundane—the meadows behind
the highway, the woodland close to the city.
Nature documentaries on television are
popular, but they portray an exceedingly

Nature documentaries on
television are popular, but they
portray an exceedingly biased view
of the natural world by focusing
on the most impressive sceneries,
habitats and animals on Earth

Why is it so difficult to convince
society of the need to halt
biodiversity loss?
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biased view of the natural world by focusing
on the most impressive sceneries, habitats
and animals on Earth. There is little chance
that, by these standards, most natural habi-
tats would score well in peoples’ minds.
They are bound to appear dull and
insignificant, and hence of little value.

Nature documentaries increase our wish
to see these spectacular places, and
advanced transport technology has made it
possible. A huge number of people in devel-
oped countries now have the means to take
a vacation practically anywhere on Earth,
but here lies another danger, apart from the
environmental impact of air travel itself.
Because it is so easy to visit a national park
or see natural forests, this may create the
illusion that such places are much more
common than they actually are. Our every-
day experiences in cities reinforce this:
cafes, museums and cinemas only take up a
small fraction of the total land in any city,
but it is easy enough to find one whenever
we want. Humans in developed countries
increasingly perceive the entire world as
their personal environment. The situation is,
of course, very different for the vast majority
of people in developing countries and for
practically all other species. 

Habitat loss occurs in our minds. Let
me explain this with an example
concerning forests in Finland.

Finland is a country that is largely covered
by forests and bogs, though most of the lat-
ter have already been drained to make
more forests. Given the emphasis on mea-
sures to increase the growth of trees in
forests, including massive government sub-
sidies and organizations that have been
established to ensure the forest owners’ col-
laboration with the forest sector at large, it
is no wonder that the concept of natural for-
est has undergone a massive transformation
in peoples’ minds. Most Finns are con-
vinced that forests must be cared for to
remain healthy and viable—just like corn-
fields. People have been led to believe that
unattended forests will become fatally
debilitated; not only will individual trees
die, but the entire forest will succumb. A
letter published in a Finnish national news-
paper in 2002 vigorously attacked the con-
cept of continuous forest harvesting, which
results in forests with diverse age and size
structure. The argument in the letter was
that this is unnatural—as natural forests are
supposed to consist of single cohorts of
trees of the same age and size. This is an

example of the extent to which the idea of a
habitat—the natural forest—has been lost
in our minds: not only do the characteristics
of natural forests indicate an unhealthy
state of the environment, but they are
proclaimed unnatural. With no personal
experience, it is too easy to be misled by
fallacious arguments that are created for the
sake of intensive forest management. 

The message here is that we should rec-
ognize the biases that make us devalue
‘ordinary’ landscapes with some frag-
ments of natural or semi-natural habitats.
It will not be possible to maintain viable
populations and life-supporting ecological
processes only in existing national parks,
because the biggest parks are located in
the most unproductive and species-poor
ecosystems. The world’s largest protected
area in northeast Greenland is nearly 1
million square kilometres in size—it alone
represents 17% of the total area of protect-
ed areas, strict nature reserves and nation-
al parks in the world. We need these
national parks and reserves, and we need
more of them, but we also have to main-
tain a high level of ordinary biodiversity in
everyday landscapes closer to home
(Hanski, 2005).

Ecologists are inevitably asked about
the longterm consequences of land-
scape fragmentation and biodiversity

loss. The short answer is that we do not
know the big picture. There are no previous
examples of comparable global environ-
mental changes in human history, and any
theoretical predictions are complicated by
the possibility of drastic qualitative
changes in the functioning of global
ecosystems once critical threshold values
in the state of the environment have been
passed. We do not know what challenges a
world with severely reduced biodiversity
will pose to future human generations,
though we can be sure that they will be
much worse off than our own generation.

I conclude with a story about human
history, which is based on Jared
Diamond’s 1997 book Guns, Germs, and
Steel. It may have weaknesses as a
description of actual events, but the story

alone is a compelling illustration of the
value of the natural environment and lost
opportunities. 

The story begins 14,000 years ago with
the migration of groups of hunter-gatherers
from Siberia to North America. The immi-
grants encountered a truly new world, an
unspoiled paradise in which big mammals
were exceedingly easy to hunt. It took just
1,000 years for the immigrants to multiply
and occupy all of the Americas, from north
to south and east to west. In the process,
most big mammals disappeared. Whether
human ‘overkill’ was the primary cause of
this megafaunal extinction is still the sub-
ject of debate. To me it seems probable that
humans were indeed responsible, as they
were in so many other places on so many
other occasions. But did it really matter that
most of the large native mammals disap-
peared when the vast majority of other
species were not affected? 

Having caused their extinction, the
Siberian immigrants had no opportunity to
domesticate large-bodied mammals, unlike
their counterparts in the Old World who
evolved and coexisted with large mammals
for a long time. With no domesticated ani-
mals, agricultural and hence cultural devel-
opment proceeded at a relatively slow pace
compared to the Old World. Eventually the
two civilizations collided in 1492 when
Christopher Columbus sailed to America,
an interaction that turned out to be highly
asymmetric. The inhabitants of the New
World perished because of their inferior
technology, ultimately due to their lack of
advanced agriculture. More importantly,
they were vulnerable to infectious diseases
that the inhabitants of the Old World
brought with them—zoonoses they had
acquired from domesticated mammals and
to which they had evolved immune protec-
tion. Why did all this happen? Because the
first humans in the Americas had extermi-
nated much of the native megafauna
thousands of years earlier. 

This period of human history will not be
repeated, but it should make us realize that
the consequences of our use of natural
resources may be much more far-reaching
than expected. Massive habitat destruction
and fragmentation is happening now and is
causing biodiversity loss even greater than
the megafaunal overkill in the Americas so
long ago. Unfortunate perhaps, but not of
immediate concern. But in our ultimately
finite world, the longterm consequences
may be surprising and unpleasant. 

…we should recognize the biases
that make us devalue ‘ordinary’
landscapes with some fragments
of natural or semi-natural
habitats



science & society

EMBO reports   VOL 6 | NO 5 | 2005 ©2005 EUROPEAN MOLECULAR BIOLOGY ORGANIZATION

v iewpoint

392

REFERENCES
Bignal EM, McCracken DI (1996) Low-intensity

farming systems in the conservation of the
countryside. J Appl Ecol 33: 413–424

Convention on Biological Diversity (1992)
Convention on Biological Diversity.
www.biodiv.org/convention/

Diamond JM (1997) Guns, germs, and steel: the
fates of human societies. New York, NY, USA:
WW Norton & Co

Delbaere BCW (ed) (1998) Facts & figures on
Europe's biodiversity—state and trends
1998–1999. Tilburg, the Netherlands: European
Centre for Nature Conservation

EASAC (2004) A user's guide to biodiversity
indicators. London, UK: European Academies’
Science Advisory Council

EEA (2003) Europe's environment: the third
assessment. Copenhagen, Denmark: European
Environmental Agency

FAO (2001) Global Forest Resources Assessment
2000: Main Report. Rome, Italy: Food &
Agriculture Organization of the United Nations 

Hanski I (2000) Extinction debt and species credit
in boreal forests: modelling the consequences of
different approaches to biodiversity
conservation. Ann Zool Fenn 37: 271–280

Hanski I (2005) The Shrinking World: Ecological
Consequences of Habitat Loss. Oldendorf/Luhe,
Germany: International Ecology Institute

Hanski I, Ovaskainen O (2002) Extinction debt at
extinction threshold. Cons Biol 16: 666–673

IUCN (2004) IUCN Red List of Threatened Species.
Gland, Switzerland: IUCN—The World
Conservation Union. www.iucnredlist.org

Mace G (2005) Biodiversity. In Carpenter S, Pingali
P (eds) Conditions and Trends Assessment of the
Millennium Ecosystem Assessment. Washington,
DC, USA: Island Press, in press

May RM, Lawton JH, Stork NE (1995) Assessing
extinction rates. In Lawton JH, May RM (eds)
Extinction rates pp1–24. New York, NY, USA:
Oxford University Press

Parmesan C, Yohe G (2003) A globally coherent
fingerprint of climate change impacts across
natural systems. Nature 421: 37–42

Parmesan C et al (1999) Poleward shifts in
geographical ranges of butterfly species
associated with regional warming. Nature 399:
579–583

Rassi P, Alanen A, Kanerva T Mannerkoski I (2001)
Suomen lajien uhanalaisuus 2000. Helsinki,
Finland: Ympäristöministeriö & Suomen
ympäristökeskus

Root TL, Price JT, Hall KR, Schneider SH,
Rosenzweig C, Pounds JA (2003) Fingerprints of
global warming on wild animals and plants.
Nature 421: 57–60

Thomas CD et al (2004) Extinction risk from
climate change. Nature 427: 145–148

Warren MS et al (2001) Rapid responses of British
butterflies to opposing forces of climate and
habitat change. Nature 414: 65–69

Wilson EO, Peter FM (eds) (1988) Biodiversity.
Washington, DC, USA: National Academic Press

WWF (2004) Living Planet Report 2004. Gland,
Switzerland: World Wildlife Fund for Nature

Ilkka Hanski is research professor and Director of

the Metapopulation Research Group at the

University of Helsinki in Finland

(www.helsinki.fi/science/metapop).

E-mail: ilkka.hanski@helsinki.fi

doi:10.1038/sj.embor.7400398



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


